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Field of the Invention, 

The invention relates to a target assembly comprising a central body In 
a rotatable target tube. 

5 Background of the invention^ 

The use of rotatable targets for large area plasma deposition of thin 
films onto e.g. window glass has become widespread. Metallic 
deposition - under an inert gas atmosphere - as well as the deposition of 
compound materials - when a reactive gas is mixed witti the inert gas - 
10 are perfonmed on an Industrial scale in large sputter deposition 

Installations. One of the key components in this process remains the 
target assembly, which has to fulfil all of the following functions: 

• It has to keep the magnetic field source in place. The generated 
magnetic field at the outside of the tube confines the electrons in a 

15 narrow closed loop track leading to an increased lonisatlon of the 

inert gas atoms. 

• The assembly must support \t\B target tube rotatably. 

• The target surface must be rotated in front of the magnetic field 
source so that each segment of the tube can be exposed to the 

20 plasma thus eroding In a uniform way all the target material at the 

outside of the tube; 

• The target surface must be kept at a negative potential with respect 
to the chamber. This potential accelerates the positive ions In the 
plasma towards the target surface thus ejecting the atoms from the 

25 target into the chamber. As this leads to neutralisation of the target a 

negative electrical cun-ent must be maintained towards the target in 
order to maintain this potential. 

• The target assembly has to be cooled because the dense 
bombardment of the surface leads to an Intense heating that would 

30 quickly lead to damage of the target assembly and/or melting of the 

target material. 

• The target assembly must be vacuum tight In order to prevent the 
contamination of the deposition chamber and maintain gas 
composition. 



While each of these functionalities are relatively simple to attain 
individually, the combination of all of them in a single assembly is a 
technological problem in its own right. 

An assembly described in US patent 5 096 562 solved the problem by 
dividing the functionalities as follows: 

• Within the removable target tube the magnets were mounted on a 
stationary coolant feedthrough. 

• A first end-blook was so designed that it allowed for the transmission 
of rotary movement and the supply and withdrawal of coolant by 
means of a rotary coolant seal to the target. 

• A second end-block at the other end of the target tube contained the 
rotary connection of electrical current 

Cantilever mounted rotatable targets - as described In e.g. US 5 200 
049 - Integrate all functions Into one bearing housing having one end 
extending Into the chamber and the other end located outside the 
chamber. The cantilever bearing housing must be mounted on a wall 
perpendicular to the axis of the target. 

While these designs made the use of large target tubes practical, the 
end blocks or the bearing housing have a serious drawback In that they 
occupy a substantial part of the chamber which cannot longer be used 
for deposition of material, but anyhow has to be pumped vacuum. 
Moreover, they decrease the useable deposition width of the installation. 
In case of a cantilever target assembly the usage becomes more difficult 
If it is the intention to mount the magnetron along Vne length of and on a 
removable cover, door or lid. 

In addition, the voluminous end-blocks or the bearing housing inhibit the 
use of rotatable target tubes in smaller size installations. In these 
smaller installations In many cases a planar target is used which has the 
drawback that it needs to be replaced more frequently (once every 4 to 
5 days) compared to rotatable targets (replacement every 3 to 4 weeks). 
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Summary of the invention. 

It is a general object of this invention to do away with the drawbacks of 
the prior art. It Is a first object of the invention to minimise the space 
requirements of the end-blocks. On Installations where now prior art 
5 end-blocks are used, the Invention thus allows for a better use of the 

vacuum space and In particular the width of the chamber. It is a further 
object of the invention to enable the use of rotary targets in small sized 
installations where now only planar magnetrons can be used. The 
invention can thus reduce the replacement rate of the target and 
10 Improve the use of the target rnaterial thus saving cost and time In these 

smaller sized installations. 

The Invention relates to the combination of features as described in 
claim 1 . A target assembly comprising a central body in a rotatabie 
15 target tube is claimed. In the central body, at least one of the 

functionalities, which In the prior art are Incorporated into the end-block. 
Is now implemented inside the target tube. These f unctionalitfes are at 
least one of the following: 

(1 ) a bearing system for rotatably supporting the tube by the central 
20 body 

(2) a drive means for rotating the tube 

(3) an electrical contact for electrically connecting the tube to the 
body 

(4) at least one rotatabie coolant seal for supplying and extracting . 
25 coolant to the tube 

(5) at least one rotatabie vacuum seal for enabling a vacuum 
outside said tube 

It will be clear that any combination out of these five functionalities Is 
also subject matter of the present invention. In case the target assembly 
30 is used in a magnetron deposition apparatus, a magnet array is 

obviously understood to be incorporated into the tube as well. 



The bearing system can be any suitable bearing system that Is 
appropriate to carry the load associated with the total assembly. The 
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bearing system fs mounted In the interior of the target tube. The bearing 
system could be mounted between the central body and the target tube, 
but preferably it will be incorporated into the central body. In this way the 
central body comprises a stationary part connected to the chamber and 
5 a rotatable part turning with the target tube. As non-delimiting example, 

one can think of targets that are operated in a horizontal position. There, 
ball bearings or roller bearings will be more appropriate for larger spans. 
For smaller spans a plain bearing will do. In case the target is mounted 
vertically, a tapered roller bearing will be preferred for the lower bearing, 
10 while a pivot bearing may suffice to support the topside of the tube. 

With 'drive means" is meant that device which transforms any form of 
non-mechanfcal energy into mechanical rotation. The drive means must 
allow for a rotational speed of at the most 60 rotations per minute. An 
IS adjustable speed is preferred although not necessary. 

In case of DC cathodic operation, negative charge has to be fed 
continuously to the target tube. This is according the present Invention 
achieved by mounting an electrical contact between the body and the 

20 tube inside the tube. The contact is ensured through an electrically 

connecting brush, bushing or slip ring of e.g. copper filled graphite or 
any other material known in the art for this purpose. Also the brush can 
be spring activated in order to ensure a good electrical contact. An 
electrical contact through a fluid - e.g. the coolant - is a possible 

25 alternative. The maximum current to be transferred by this connection Is 

dependent on the magnitude of the installation. Typically - without being 
delimited - is a value of at the most 400 A. The case of AC operation - 
in which the target Is alternatively positively and negatively charged - or 
pulsed DC operation - in which the DC operation is interrupted 

30 according a pattern - is also included. Use of the target assembly as a 

positively charged anode, for example to coat the bare tube with 
material or as a collector of electrons on a periodic or continuous base, 
is explicitly included in the invention. 



Coolant is supplied and extracted continuously to the inner surface of 
the tube in order to keep the assembly at an acceptable temperature 
level (typically below 45°C). Coolant supply and extraction can be 
situated at the same side of the target tube or the supply can be at one 
side and the extraction at the other. The former is preferred since then 
only one coolant seal can suffice provided the coolant supply and 
extraction are done through e.g. concentric tubes. The function of the 
coolant seal Is to keep the coolant inside the tube, while enabling a 
rotary movement between the stationary and rotatable part of the central 
body. 

Coolant is preferably water, although other coolants could be envisaged 
as well as long as they fulfil the requirements of heat capacity, electrical 
conductivity and viscosity. The coolant is supplied at a pressure of 
typically 5 bar and at a rate which is dependant on the power rating of 
the deposition, installation which is itself a function of the magnitude of 
the installation. Typically Hp seals are used as coolant seal as they are 
well known in the art. However, other types of seals like mechanical face 
seals or labyrinth seals - without being exhaustive - are not excluded. 

In order to maintain vacuum and/or the low pressure gas composition in 
the chamber no air should be able to (eak Into the chamber. Again the 
transition between the stationary and rotating part of the central body Is 
ensured by means of a vacuum seal. This seal is either based on Hp 
seal type of assemblies and/or ferrofluTdlc seal types. The former relies 
on mechanical squeezing of a high performance elastomer against the 
other rotating part (as In the case of the coolant seal). The latter's 
working principle is based on the fonnatron of a ffuidic ring between the 
shaft and a pole shoe fitting the shaft. The fluid - which contains finely 
dispersed magnetic particles - is held between shaft and pole shoe by 
means of the magnetic field. When the target tube is mounted in a 
cantilevered way, one vacuum seal would suffice. In case the target 
tube is held at both ends, two vacuum seals are preferred. 



In the above the functionalities - of which at least one has to be 
incorporated inside the target tube - have been discussed separately. 
Nowadays, combinations of different functionalities can be bought 
integrated in one package. For example, it is possible to obtain vacuum 
S seals In which also bearings are incorporated. Or electrical brushes that 

are isolated from external liquids which hence also can be used as 
coolant seal. It is clear that these combinations fulfil the requirement 
also as put forward in claim 1 . 

10 in the dependent claims, different embodiments of the invention are 

defined which will now be discussed in more detail. 



As a drive means an electrical motor can be used (claim 2). This motor 
IS preferably of the fixed axis, rotating drum type (claim 3), since this 
15 simplifies the mounting of the motor. 



As an alternative to an electrical motor, a hydraulic rotary motor is also 
possible (claim 4). More preferred Is the use of the circulating coolant as 
the propeflant for this hydraulic motor, thus further simplifying the 
20 concept (claim 5). 



While the above focuses on the target assembly as such, the assembly 
has also to be fixed to the walls of the sputtering apparatus 
(Independent claims 6 and 7). It is not excluded that the whole 

25 sputtering apparatus is mounted for example to an access door or lid of 

the vacuum chamber. The fixation to the apparatus is done by coupling 
means. These coupling means distinguish themselves from the prior art 
end-blocks in their simplicity and relative smallness. Indeed the coupling 
between the central body and the coupling means contains no moving 

. 30 parts: the coupling means have only to keep the stationary part of the 

central body fixed with respect to the chamber and to provide a 
stationary f eedthrough of electricity for charging the target surface, of 
coolant and of electricity for the drive means (if needed). In which one of 
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the two coupling means these feedthroughs are organised Is of course 
dictated by how the functionalitjes inside the central body are organised. 

By way of non-delimiting example, the electricity to charge the surface 
5 can be supplied at the same side where the coolant is supplied while the 

electricity to energise the drive means (If needed) is supplied on the 
other side. 

If the central body is so organised that all supply feedthroughs are e.g. 
available at a first coupling means to the central body, the task of the 
second coupling means limits itself to holding the central body, itself. In 
the limit (claim 7) this second coupling can be completely eliminated In 
case the mechanical strength of the first coupling is sufficient to hold the 
target assembly in place. 

The central body can also be separated into a first and a second central 
body that are mechanically detachable from one another (claim 8). In : 
this way both bodies can be Inserted separately from one another at 
both ends of the target tube. The functionalities can be divided between 
both bodies in the most convenient way, as long as at least one of them 
is incorporated Inside the target tube. The first and the second central 
body can - by way of example - be mechanically coupled to one 
another by means of tha magnet array (claim 9). These embodimerrts. 
are also envisaged in the invention. Again coupling means for coupling 
the first and second central body have to be provided in the magnetron 
apparatus (claim 10). The case where one side of the target assembly 
holds the tube is also included (claim 11). 

Brief description of the drawings. 

30 The invention will now be described into more detail with reference to 

the accompanying drawings wherein 

- FIGURE 1 : is an overview of a first preferred embodiment of the 
target assembly Including the coupling means, in a front view and a 
side view. 
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- FIGURE 2 : Is a cross section of the first preferred embodiment 
according plane AA" of FIGURE 1 

- FIGURE 3 : is a cross section according line BB' of FIGURE 1 

- FIGURE 4 : is a cross section according line CC of FIGURE 1 ; 

- FIGURE 5 : is cross section of a second preferred embodiment 
where the drive means is hydraulic rotary motor driven by the 
coolant. 

In the figures Identical reference numbers will be used for the same 
parts occurring in different cross sections. 

Descriptio n of the preferred embodiments of the Invention^ 

As the working principle of rotatable target assemblies is generally 
known In the art, focus will be given to the detailed description of the 
invention of which a first preferred embodiment is represented in 
FIGURE 1. 

In this embodiment all Uie functionalities as enumerated In claim 1 are 
Incorporated inside the target tube. The drive means Is an electrical 
motor. The supply and extraction of the coolant and the charging of the 
surface is through the first coupling means 010. The electricity to drive 
the electrical motor is fed through the second coupling means 020. 
FIGURE 2 shows the carrier tube 100 and the rotating tube 200. The 
rotating tube 200 can be made of the target material itself e.g. 
aluminium tube. Or the target material can be disposed at the outside of 
the rotating tube. It can be applied onto the tube 200 by means of 
thermal plasma torch spraying, or by electrolytic deposition, or by any 
other technique known in the art. The total length of the tube can be 
chosen at will by increasing or decreasing the length between the wavy 
lines 002. At both ends of the tube 200 an insert 210 and 220 can be 
slid into the tube 200 thus fomiing a central body together with the 
carrier tube 100. For convenience we will refer to the first side of the 
tube as that side coupled to the first coupling means 010 and the 
mutatis mutandis for the second side. 

The carrier tube 100 (FIGURE 3) comprises an extruded Duraluminum 
double walled tube where the inner tube 1 14 Is connected to the outer 



tube 1 1 0 through six ribs 112. This is the main carrier structure to which 
the other parts are connected. The magnet holder 120 is mounted to the 
outer side of the carrier structure 110. Permanent magnets 122 are 
arranged onto this holder 120. Suitable magnetic arrangements have 
been described in WO 99/5491 1 . The target assembly is rotatable 
supported by 4 bearings 130,132,134 and 136 (FIGURE 2) which are 
Incorporated Inside the central tube 1 14 of the double walled tube The 
drive means, in this case a rotary shaft electrical motor 140, Is mounted 
inside a cylindrical housing 142 which is capped with a circular lid 144 at 
the outer side of the target assembly. A feedthrough piece 146 acting 
also as the axis for rotatably supporting the tube Is used to supply power 
leads 1 48 to the motor. At the other side of the motor housing the shaft 
fs fed through a circular fitting piece 1 50. The shaft of the motor 1 54 Is 
fastened to a closing piece 222 for the insert 220. This closing piece 222 
is made of an electrically insulating material In order to electrically 
InsuCate the motor 140 from the insert piece 221 which is at the potential 
of the tube. In addition a mechanical connector 152 for absort^lng start 
and stop shocks and a bearing 156 to Increase the mechanical stability 
of the design are mounted between fitting piece 160 and closing piece 
222. Also an Insulating bushing 224 Is Introduced between the second. 
Insert 220 and feedthrough piece 146 In order to Insulate the motor 140 
and second coupling means 020 from the target potentlaU Additional 
electrical Insulation Is obtained by Introducing an Insulator plate 022 
between the chamber wall 999 and the second coupling piece 020* 
The electrical contact for electrically connecting the target tube to the 
target power supply is Incorporated Into the first Insert 210. The Insert 
piece 21 1 rotates around the axial tubular piece 1 60. Power is 
transfen^ed through the first coupling means 010 and the first Insert 2.10 
to the rest of the tube. This means that first coupling means 010 is at 
the higher potential of the target tube. An Insulator 012 has therefore 
been Introduced between the first coupling means 010 and the vacuum 
chamber wall 999. Electrical contact is ensured through the stationary 
brush 164 that is spring loaded against the rotating bushing 166. It Is 
evident that the materials used for the different parts should be 
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conductive such that an electrical path of sufficient current capacity can 
be formed between the first coupling 010 and the surface of the target 
tube 200. When the applied voltage is negative, the target tube 200 acts 
as a cathode, e.g. for accelerating positive ions towards its surface. 
5 When the applied voltage Is positive, the target tube 200 acts as an 

anode, e.g. for collecting electrons. 

The coolant is supplied through the first coupling means 010. A series of 
arrows 004 Indicates the track followed by the coolant. FIGURE 4 gives 
a cross section of the first coupling piece 010 to the first Insert 210. The 

10 coolant is fed through a bore hole 01 4 in the middle of the first coupling 

means to a tube 168 which is coaxialty mounted to the axial tubular 
piece 160. The cold coolant going into the target assembly is separated 
from the warm coolant returning from the target assembly through a 
separator 172 which is mounted between inner 114 and outer tube 110 

15 of the canrier tube 1 00. The central feed. tube 1 68 feeds directly into the 

carrier inner tube 114 where the coolant is further guided towards the 
second side of the tube. There the flow reverses and the coolant is 
pressed towards the first end of the tube thus cooling the hot outer 
target tube 200. At the first end the flow Is again reversed and led into 

20 the cylindrical, coaxial gap between the tube 168 and the axial tubular 

piece 160 through the exit holes 169. The design necessitates only one 
water seal 170, which is a lip seal. The warm coolant is led through a 
borehole 01 6 (FIGURE 4) sideways from the entrance borehole 014. 
The vacuum seal Is necessary in order to guarantee the vacuum or the 

25 low pressure gas composition. In this preferred embodiment this Is 

achieved by introducing vacuum seals 1 35 and 131 between the two 
pairs of bearings 1 34, 1 36 and 130, 132. In fact the vacuum seal and 
the bearing are part of an assembly which can be obtained 
preassembled. 

30 FIGURE 5 depicts a second preferred embodiment in which the drive 

means is replaced by a hydraulic motor. As this particular embodiment 
is identical for the other functionalities (bearing system, electrical 
contact, rotatable coolant seal and rotatable vacuum seal) to that of the 
first embodiment the clarification of FIGURE 5 will be focused on the 
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hydraulic motor only. This motor is driven by means of the coolant itself. 
The flow of the coolant Is therefore guided through the feed hole 312 
into the hydraulic motor 310. In the motor, the l<inetic energy of the flow 
is transfomaed into rotary movement. Upon exiting through the exit holes 
322, the coolant is guided to the Inside of the target tube 200 to further 
cool the tube. The rotating outer housing of the motor is affixed to the 
insert piece 221 , while the axis of the motor 318 is fixed through a 
mechanical connector 316 that allows easy fixing of the motor axis to 
the central axis 320 as well as absorbs start and stop shocks. The 
central axis 320 is Immovably mounted to the second coupling means 
020. The functioning of the motor can be based on guide vanes under 
angle as in a turbine or on the princfple of an orbital motor or an Inverted 
screw pump principle or any other principle known in the art. The 
principle of operation is however non-deHmfting to the invention. 

There are some parts of the design which have not been referenced - 
although drawn - but the functioning of which In the design is clear to the 
person skilled In the art. For Bxample where necessary, 'O -ring seals 
have been Incorporated In the design between pieces which are 
immovable to one anottier. As another example an Insulated shield 
protects the first and second coupling means. Also fastening means 
such as e.g. screws or positioning pins have not been enumerated 
exhaustively in order to keep the explanation understandable. 




CLAIMS 

We claim: 

1 . A target assembly comprising a rotatable target tube and a central 

body characterised In tliat said assembly further comprises Inside 

said tube at least one of the following 
a bearing system for rotatably supporting said tube by said body 
a drive means for rotating said tube relative to said body 
an electrical contact between said body and said tube 
at least one rotatable coolant seal for supplying or extracting 

coolant to said tube through said body 
at least one rotatable vacuum seaf for enabling a vacuum outside 

said tube 

2- The target assembly according claim 1 wherein said drive means is 
an electrical rotary motor, 

3. The target assembly according claim 2 wherein said electrical rotary 
motor is a fixed axis, rotating drum motor. 

4. The target assembly according claim 1 wherein said drive means is 
a hydraulic rotary motor 

5. The target assembly according claim 4 wherein said hydraulic rotary 
motor is driven by the coolant. 

6. A sputtering apparatus positioned within walls of an evacuable 
chamber comprising a target assembly as in any one of claim 1 to 5, 
said apparatus further comprising a first and a second coupling 
means connected to said chamber walls for removably coupling said 
body to said first and second coupling means. 

7. A sputtering apparatus positioned within walls of an evacuable 
chamber comprising a target assembly as in any one of claim 1 to 5, 
said apparatus further comprising one coupling means connected to 
said walls for removably coupling said body to said one coupling 
means. 

8. A target assembly comprising a rotatable target tube and a first and 
a second central body 

characterised in that 
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said assembly further comprises inside said tube at least one of the 
following 

a bearing system for rotatably supporting said tube by said first or 
said second body 

5 a drive means for rotating said tube relative to said first or second 

body 

an electrical contact between said body and said tube for 
eiectricaliy connecting said tube through said first or second body 

at least one rotatable coolant seal for supplying or extracting 
10 coolant to said tube through said first or second body 

at least one rotatable vacuum seal for enabling a vacuum outside 
said tube 

9. The target assembly as in claim 8 wherein said first and second 
body are coupled to one another. 

15 1 0. A sputtering apparatus positioned within walls of an evacuable 

chamber and a target assembly as in claim 8 or 9 said apparatus 
further comprising a first and a second coupling means connected to 
said chamber walls for remo^^bly coupling said first and second 
body to said first and second coupling means. 

20 1 1 . A sputtering apparatus positioned within walls of an evacuable 

chamber and a target assembly as In claim 8 or 9, said apparatus 
further comprising one coupling means connected to said chamber 
walls for removably coupling sard first body to said one coupling 
means. 
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ABSTRACT 

A target assembly is claimed for use in e.g. a magnetron deposition 
apparatus. Tlie target assembly is characterised in tiiat at least one of 
5 the functions - bearing of the tube, rotation of the tube, electrical 

contact, coolant sealing and vacuum sealing - is integrated into the tube 
itself. Such an assembly has the advantage that it better uses the 
vacuum space by reducing the volume incorporated by the end blocks. 
Due to the compactness of the assembly it can also be used in smaller 
10 scale instedtations where now only planar target assemblies can be 

used. 
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